Abstract. This paper presents the design and simulation on investment casting mold for metal matrix composite material. The study was investigating the design parameters for the casting mold and simulated the temperature and pressure on the mold. Compressor impeller selected as the product of the study. Among the various types of casting techniques, investment casting process is the most suitable process to produce the compressor impeller. The alternative design of casting mold of investment casting was generated using CAD software. Concept scoring was prepared to select the suitable design for the investment casting process. Material selection of compressor is Aluminum Silicon Carbide. Stainless steel AISI H13 is selected as the material for the mold. The parameter for the mold design is included branch, gating, sprue and runner. The analysis was presented to the mold by using ANSYS simulation tool to determine the temperature and pressure of the mold. In addition, three case studies were presented and compared the static pressure in different velocity and temperature of the mold design. The result showed the runner and the branch size were important to produce the molten metal flow into the mold pattern. As a result, the design of investment casting mold was proposed. Introduction Metal matrix composite has been extensively studied by several researchers due to the advantages of mechanical and thermal properties compared to metal materials. The design of the mold for the casting process is very important in order to fulfill the customer requirements. Serial experiments must be provided to study thermal behavior during filling process of the mold, geometry of gating system, thickness and tolerance of the mold and cavity before to continue to manufacture the casting product. One of the parameters that influence the quality of casting product is mold geometry. The production of investment casting mold is taken 24 to 72 hours depending on size and complexity of shape. The application used of fiber increased the shell thickness using latex modified binder [1], MoldFlow is used to determine the filling parameters, speed, and pressure in designing of gearbox shift work [2], the linear dimensional variability of ceramic mold has shown significantly to the accuracy of casting [3] , and three-phase flow, heat transfer and solidification was developed using novel algorithm and influenced the effect of mold design on the casting quality [4] . Thermal analysis and heat transfer of investment casting mold have been interested issue for several authors to take contribution to share their knowledge. One of the relevant study was explained recently on heat transfer coefficient range between 300-660W/(m2 K) of investment
Introduction
Metal matrix composite has been extensively studied by several researchers due to the advantages of mechanical and thermal properties compared to metal materials. The design of the mold for the casting process is very important in order to fulfill the customer requirements. Serial experiments must be provided to study thermal behavior during filling process of the mold, geometry of gating system, thickness and tolerance of the mold and cavity before to continue to manufacture the casting product. One of the parameters that influence the quality of casting product is mold geometry. The production of investment casting mold is taken 24 to 72 hours depending on size and complexity of shape. The application used of fiber increased the shell thickness using latex modified binder [1] , MoldFlow is used to determine the filling parameters, speed, and pressure in designing of gearbox shift work [2] , the linear dimensional variability of ceramic mold has shown significantly to the accuracy of casting [3] , and three-phase flow, heat transfer and solidification was developed using novel algorithm and influenced the effect of mold design on the casting quality [4] . Thermal analysis and heat transfer of investment casting mold have been interested issue for several authors to take contribution to share their knowledge. One of the relevant study was explained recently on heat transfer coefficient range between 300-660W/(m2 K) of investment casting molds that significantly examined the casting quality [5] and pure iron cast used in investment casting molds of silica sand with zircon coating to determine the heat transfer phenomena during investment casting [6] . A good design of mold will allow a smooth flow when filling. These decisions are made during the preliminary design stages in an environment characterized by and uncertain requirements, parameters, and relationships [7] . Therefore, mold design process is important to produce a better metal casting product. This study will carry out a casting mold design by using a SolidWorks. The finite element analysis will be done on the mold. The analysis of heat transfer, temperature & pressure will be presented by using ANSYS. An automotive part, compressor impeller will be used as the product for the casting mold. Compressor impeller is an automotive part of the compressor system that is a very unique product. It needs sharp edge and strength to sustain its life. The angle of curvature of the inlet of curve inducer blades is hard to produce using machining technique. It is a time wasting if producing compressor impeller by using machining technique. Therefore, a sufficient technique is needed to produce this product with perfect quality and quantity. Metal casting is suitable for producing a metal product. To produce complex shape product with curve inducer blades, the type of metal casting process for the mold need to be determined. The objectives of this research are then to investigate the design parameters in designing casting mold, analyze the temperature and pressure in investment casting mold in order to propose a design of investment casting mold for compressor impeller as cast metal matrix composite.
Material and method
An automotive part, compressor impeller will be used as the product for the casting mold. Aluminum-based alloys are the common material for automotive part. Alloys with an aluminum base have a wide range of mechanical properties, mainly because of various hardening mechanisms and heat treatments that can be used with them. An increasing trend is their use in automobiles, for components such as engine blocks, cylinder heads, intake manifolds, transmission, cases, suspension components, wheel and brakes. A part made of aluminum-based and magnesium based alloy are known as light-metal casting. According to online MatWeb, 2009 [8] for aluminum silicon carbide, the physical properties is 2.90 g/cc, and thermal properties are 8.00 -10.0 µm/m-°C @Temperature 20.0 °C (CTE) and 220 W/m-K for thermal conductivity. The mechanical properties as shown in Table I . Mechanical properties of the material used for the mold must be harder than the material of the part. For the part, aluminum-based alloy is used to produce the compressor impeller; therefore, the mold material must be hard as properties of machining tool which is stainless steel. According to AISI H13 die steel in hard machining is used, the result of mechanical and physical properties are such as Table II [9] . Compressor impeller is an automotive part which is aluminum based product. Aluminum silicon carbide is used as the material for the compressor impeller. Aluminum alloy is high electrical conductivity and generally good atmospheric corrosion resistance. It is nontoxic, light weight, and has good machinability. For the mold, the material must be harder than the part. Therefore, the material which is hard such as a tool material is suitable for the mold. For casting, stainless steel P20 and H13 can be used as the mold material. Therefore, AISI H13 is selected in this project. It is high strength, impact toughness, and wear resistance. AISI H13 is also a good resistance to thermal fatigue.
Preliminary Design
The mold is designed according to the specification of the part. The concept for the mold is designed to be simple and easy to handle. For the basic concept of the design, the mold is rectangular. The pouring basin is designed into the mold to allow the molten pouring. The gating system is designed to be connected to the sprue to allow the molten metal reaching and filling the mold. The guide pin is designed into the mold so that it guide and easier for assembly work.
The design of the mold is started by sketching of the mold. The sketching includes generation the various kinds of part design. After doing the sketching, concept selection is continued to select the best design for the mold. Figure 1 shows the concept generation of the mold which in including the generation of gating system, stand, wax pattern and also runner for the mold.
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Fig.1. Design concept generation
The Scoring Matrix contained the same selection criteria as the screening matrix, but with each of the criterion assigned a percentage based on their relative importance for the final design (Table  III) . The percentages, when added up, total one-hundred percent. For concept scoring, it shows the weight for the selection criteria clearly. Therefore, the concept has the greatest potential to satisfy and convince manufacture with the result obtain. 
Simulation Result and Discussion
The finding compares the objectives of the project and whether it covers the scope of the study. According to Figure 2 , convergence in the mold is not consistent for 2 (a) and 3 (a). The graph shows that there is no stability after 30 iterations. For the 2 (a), 3 (a) and 3 (b) shows the instability of the kinetic energy. In this situation, the different velocity magnitude and temperature will give effect to the result of the product. When metal is poured into the mold, the vectors of the flows are distributed until it found the boundary to smooth the flow. For 1 (a), 1 (b) and 2 (b), the flow is steady during the molten metal pouring where the vector uniform according the pattern of the mold. Therefore, we assume that the temperature at 673.1 K is not the suitable temperature of molten metal in this design of the mold. Case 1 (a), 1 (b) and 2 (b) can consider as the condition for the mold design. 
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Figure 3 (a) shows the comparison between the static pressure in different velocity and temperature. The figure shows that the pressure is not consistent. From 1 (a), the result shows that, the pressure at the bottom of the gating is higher than the pressure above. This can be explained due to there being only one inlet in this mold design. There is no other riser or air vent for investment casting mold. Therefore, when the metal is poured into the gating, the vacuum at the product part not allow the metal flow in smoothly because of the air trapped in the pattern. The metal can be filled only after no air is a trap in the pattern. In the other words, the flow will be filled at the lower pressure before the high pressure space. The filling is due to the part condition design with is including the size of runner, branch, mold pattern and other related part in the mold design. In this case, 1 (b) and 2 (b) condition are suggested to the design by having not much range of the temperature. The result shows that the temperature at the bottom of the runner is higher than the sprue inlet. This is because, the heat at the inlet transfer to the environment earlier than at the end of the runner. The range of the temperature is small which is about 1K for Case 1 (a) although the contours are seem like large different from the temperature. The vector of the turbulence kinetic energy is affected to the mold pattern. A turbulence flow will give the perfect pattern in a solid and hard condition. In addition, the turbulence kinetic energy flow is very smooth. This is because the design parameter of the mold is acceptable. The temperature and velocity is set to a suitable condition for this mold design. Therefore, the design of the mold is reliable by producing a turbulence flow. Figure 3 (b) shows the flow of the molten metal to the compressor. A reliable mold must be able to produce a hard and reliable pattern. According to the flow, case in 1 (a) and 1 (b) is recommended. This is because the flows are more consistent compare to 4 other cases. For case 2 and case 3, the bottom part of the compressor is not centralized. The flow is distributed from the center to the end of the blade. For case 1 (a) and 1 (b), the flow at the bottom or basement of the compressor is centralized. The flows are circular and reach the end of the top curve blade for Case 1 (a) or reach the end of the bottom curve blade for Case 1 (b). The flow of the molten metal is very important. This is because the smoothness of the flow will affect the hardness of the product especially compressor which have a complex body shape.
The Proposed of Investment Casting Mold
From the concept screening and concept scoring method, the proposed of investment casting mold is developed. The specification of the design the mold for Gating-1 and Gating-2 is shown such as Figure 4 . 
Summary
The proposed design of investment casting mold has been developed for metal matrix composite material. To produce a good design of mold, the quality of the end product is very important. Therefore, a prefect end product of compressor must be complete with a smooth curve and hard. According to the result, the temperature and velocity of the molten metal will affect to the pressure of the mold. Beside this, it also affected the flow of the molten metal. A smooth fluid flow will increase a life longer and hardness. The suitable temperature and the velocity of the molten metal showed lead to the quality of casting product. The runner and the branch size are important to allow the molten metal flow into the mold pattern. By using simulation, the parameter of the mold is acceptable to produce a prefect product during the design stage.
